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1.0  INTRODUCTION 

/^"The  development  of  pressure  vessels  for  use  in  solid  fuel  ^ 

rocket  motor  cases  has  reached  a  state  wherein  further  j 

progress  may  be  restricted  by  lack  of  suitable  high  strength  / 
metals  and  limitations  in  methods  of  fabrication.  Though  / 
the  potentially  high  strength  to  weight  ratio  of  fiber  / 

reinforced  cases  is  recognized,  the  use  of  metallic  cases 
\  offers  certain  advantages  peculiar  to  metals  alone. _ ^ 


The  application  of  metal  wire  or  tape  as  reinforcement  in 
pressure  vessels  dates  back  at  least  a  century.  Hig^— tensile 
steda  wire  has  been  used  as  the  banding  material  oi^ certain 
rlfleK  and  guns  as  well  as  in  other  hollow  bodies/(l).  With 
the  pos'sible  exception  of  one  recent  Investiga^n  (2,  3)  no 
attempt  has  been  made  to  utilize  the  transverse  strengths  of 
wire  or  tape  to  support  the  axial  stress  inures surized  vessels. 
Valenta  (2)\describes  vessels  reinforced  v^h  wound  profile 
strip  which  is  shrunk  on  to  a  vessel  (wh;ile  simultaneously 
quenched  to  hi^h  strength),  putting  the-  monolithic  portion 
of  the  vessel  into  compression.  Thou^  the  tape  is  contoured 
and  interlocked,  it  does  not  appearyxo  support  any  of  the 
axial  load.  The  p^sent  report  d^crlbes  a  means  whereby 
the  transverse  strei^th  of  seventy  cold  reduced  tape  is 
utilized.  The  iliethod  sijiiultaneously  facilitates 
application  of  ultra  h^h  strength  materials  which  might 
otherwise  be  difficult  ^  possible  to  use. 

The  interlocking  titaniunrtjape  concept  is  an  outgrowth  of 
relatively  recent  work  (^rrxed  out  by  this  contractor  (4) 
in  the  development  of  /the  high  strength  titanium  alloy 
B120VCA.  In  sheet  fo^rm,  this  alloy  is  heat- treatable  to  a 
yield  strength  of  186,000  psl,  ^strength  level  which  on  a 
strong th-to-welght/i)asis  is  higher;  than  that  of  the  best 
ferrous  materlals/used  in  rocket  moPor  casings  today. 
Unfortunately,  -^Is  alloy  is  difficult  to  weld  and  even  a 
successful  we  1(^ cannot  be  heat  treate^to  maximum  strength 
because  the  a^ng  response  of  base  mateXial  and  weldment 
differ  considerably.  It  was  observed  that  this  alloy, 
similarly  tp  most  precipitation  hardenabl^alloys,  benefits 
considerably  as  a  result  of  cold  work  prloA^o  aging.  Thus, 
the  useful  strength  level  of  B120VCA  can  be  increased  to 
300,000 /psi,  a  strength  which  if  fully  utilized  in  a  pressure 
vessel^Quld  result  in  a  strength -to -weight  rauio  of  about 
1.7  xAoo  in.  \ 
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1.0  INTRODUCTION  (Continued) 

The  objectives  of  the  present  contract  consisted  primarily 
of  the  development  of  fabrication  and  metallurgical  procedures 
for  the  manufacture  of  two  basic  structural  shapes,  the  devel¬ 
opment  of  a  wrapping  machine  and  finally  the  experimental 
manufacture  of  two  sub-scale  vessels.  These  objectives  have 
been  met. 

The  Curtiss-Wright  Corporation  wishes  to  acknowledge  financial 
support  from  the  U,  S,  Army  through  the  Ordnance  Materials 
Research  Office.  The  assistance  of  Dr.  J.  L.  Martin,  Messrs. 

G.  A.  Darcy,  Jr.  and  I.  Kahn  of  that  Office  as  well  as  of 
Messrs.  R.  L,  Weatherington  and  C,  H.  Martens  of  the  U.  S.  Army 
Rocket  and  Guided  Missile  Agency  is  gratefully  acknowledged. 
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2.0  SUMMARY 

the  contract  period^  June  15^  19^0  to  January  l4^  I96I, 
the  Wright  Aeronautical  Division  of  the  Curtiss-Wrlght 
Corporation  has  pursued  the  work  program  as  originally  detailed 
in  the  Proposal  (5)  and  has  demonstrated  the  feasibility  of 
interlocked  tape  wound  pressure  vessels  from  both  the  metal¬ 
lurgical  and  experimental  manufacturing  standpoint.  Demonstra¬ 
tion  of  the  design  concept  as  based  on  hydrostatic  pressure  and 
other  environmental  tests  will  be  carried  out  as  part  of  a 
proposed  follow-on  to  the  present  contract  (6). 

"I"  beam  and  channel  shapes  were  designed,  fabricated  and 
tested.  Turks  heading  was  selected  in  preference  to  die  drawing, 
though  the  latter  process  might  be  utilized  at  a  future  date 
for  final  sizing. 

A  structural  rig  for  experimental  verflcation  of  stress 
analysis  data  has  been  fabricated.  Several  techniques  for 
precise  determination  of  tape  dimensions  have  been  evaluated 
resulting  in  the  selection  of  a  metal log raphlc  method.  A 
specification  for  B120VCA  titanliim  starting  wire  has  been  written 
and  coordinated  with  two  potential  sources.  The  static  coefficients 
of  friction  of  drawn  and  heat  treated  tape  have  been  measured  and 
separate  interference  fit  measurements  of  the  Interlock  have  been 
carried  out.  The  aging  response  of  both  shapes  in  terms  of 
me tallographic  structure  and  mechanical  properties  have  been 
determined'  and  a  final  heat  treatment  selected.  The  low  temp¬ 
erature  properties  of  the  B120VCA  sheet,  including  notch  sen¬ 
sitivity  tests  have  been  determined.  Several  vessel  liner 
materials  and  bonding  methods  have  been  evaluated. 

Vessel  wrapping  apparatus  including  dummy  arbors,  collapsible 
mandrels  and  other  a\ixlliary  apparatus  have  been  designed, 
manufactured  and  utilized  in  the  fabrication  of  two  prototype 
vessels.  Design  modifications  in  tape  as  well  as  manufacturing 
techniques  based  on  experience  gained  in  the  present  program 
have  been  carried  out  and  will  be  incorporated  in  the  proposed 
follow-on  effort. 
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RECOMMENDATIONS  FOR  FUTURE  WORK 


3.0 

inherent  In  the  "Turks  Heading"  process  of  wire 
manufacture,  together  with  observations  made  both  during 
Interference  fit  testing  and  wrapping  require  that  the 
currently  used  tape  shapes  be  redesigned  to  Incorporate 
Se?  grooves  In  both  shapes.  This  will  assure  Sweater 
contact® area  and  permit  loosening  of  tolerances  on  Internal 

corner  radii. 

Several  changes  In  the  wrapping  apparatus,  collapsible  arbor 
and  mandrel  removal  will  be  carried  out.  Present  y 

steel  used  In  end  adapters  will  b©  replaced  5^ 

^??kef  iron  ?esuS4  m  a  higher  available  yield  strength. 

The  nroposed  second  phase  of  the  present  contract  will 
include  experimental  manufacture  of  six  pressure  vessels 
which  wlll^be  subjected  to  hydrostatic  tests.  The  P^os^am 
will  further  Include  such  studies  and  analyses  relating 

^dajter  attLtaent,  wrapping  technique,  "®Sraro? 

iiiro-v  and  other  areas  found  critical  during  the  course  oi 
Investigation  leading  to  the  development  of  a  practical 
application  of  the  concept. 
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4.0  DESIGN 

4.1  Mechanical  Design 

The  feasibility  of  using  a  high-strength  interlocking  tape 
wrapped  vessel  for  a  light-weight  rocket  motor  was  Investigated 
from  a  design  and  stress  point  of  view.  Figure  1  shows  the 
selected  interlocking  tape  configuration  of  three  layers.  The 
configurations  analyzed  were  based  on  a  motor  I.D.  of  6.2  Inches 
and  an  operating  pressure  of  4700  psl.  This  diameter  sub-scale 
vessel  was  selected  because  of  the  availability  of  a  piston  rig 
adaptable  to  hydrotesting  this  vessel.  In  the  stress  analysis 
of  this  vessel,  the  effects  of  the  small  diameter  on  bending 
stresses  and  elastic  instability  were  neglected.  This  was  done 
to  permit  direct  up  scaling  to  a  larger  diameter  motor. 

The  design  of  the  interlocking  titanium  tape  is  based  on  a 
minimum  allowable  longitudinal  and  transverse  yield  strength 
of  250,000  psi  and  total  (elastic  plus  plastic)  strain  of  4^ 
in  the  transverse  direction. 

Based  on  these  mechanical  properties,  two  interlocking  config¬ 
uration's  were  studied  with  emphasis  placed  on  manufacturing 
feasibility  and  minimum  weight.  Figure  2  (b)  shows  one  arrange¬ 
ment  with  "full-line"  contact  between  adjacent  butted  channels; 
and  Figure  2  (a)  shows  another  arrangement  resulting  in  "point" 
contact  (under  load)  between  butted  channels.  Stress  analysis 
has  Indicated  that  the  full-line  butted  contact  between  adjacent 
channels  produces  the  more  efficient  arrangement.  The  final 
tape  dimensions  for  both  the  channel  and  "I"  beam  are  shown 
in  Figure  3. 

Additional  stress  analysis  was  performed  on  the  inner  channel 
layer  in  order  to  determine  the  local  bending  stress  in  each 
channel  caused  by  the  Internal  pressure  (Figure  4),  This 
bending  stress  is  a  result  of  the  longitudinal  bending  of  the 
channel  between  "I"  beam  flanges,  and  adds  directly  to  the 
longitudinal  stress.  However,  this  condition  would  not  arise 
in  a  full-scale  rocket  motor  case  since  the  Internal  pressure 
for  the  same  tape  stress  level  would  be  greatly  reduced.  The 
present  six  inch  diameter  sub-scale  test  vessel  is  designed 
to  yield  at  4700  psi  pressure,  whereas  a  larger  diameter 
vessel  would  operate  at  approximately  1000  psl.  To  alleviate 
this  local  bending  stress  in  the  sub-scale  vessel,  the  width 
of  the  "l"  beam  flanges  was  increased  from  .025  to  ,o4o  inches 
(Figure  5).  This  reduces  the  free  beam  length  of  the  channel 
and  thus  reduces  the  local  bending  stress. 
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4.1  Mechanical  Design  (Continued) 

As  seen  in  Figure  3,  the  legs  of  the  "I"  beam  and  channels 
are  tapered.  This  is  to  permit  assembly  of  the  wires  under 
the  worst  tolerance  condition.  To  Insure  interlocking  of  the 
wire  assembly,  the  "I"  beams  are  pre-stressed  in  the  transverse 
direction.  The  theoretical  load  required  to  force  an  "I"  beam 
or  channel  into  position  is  approximately  equal  to  2500  pounds. 
This  load  should  be  exerted  by  a  roller  of  5  inches  minimum 
diameter.  The  theoretical  axial  tension  required  when  wrapping 
either  an  "I"  beam  or  channel  should  not  exceed  200  pounds. 

The  2500  pound  applied  load  required  to  force  the  wire  into 
position  was  calculated  on  the  basis  of  an  assumed  coefficient 
of  friction  between  titanium  of  0.2  and  a  roller  contact  length 
of  .1  inch.  A  survey  of  the  literature,  later  confirmed  by 
direct  tests.  Indicated  that  this  value  is  low  and  a  value  of 
0.3  is  more  realistic.  The  maximTim  axial  load  of  200  pounds 
results  in  a  residual  pre- stress  of  50,000  psl  for  the  tape 
in  position  on  the  vessel.  This  assxmies  that  the  entire  axial 
winding  load  remains  in  the  wrapped  tape  due  to  friction  along 
the  Interlocking  surface. 

4.2  Stress  Analysis 

Stress  analyses  of  the  butted  and  spaced  channel  configurations 
have  been  completed.  When  the  channel  ends  are  spaced,  it  is 
possible  to  design  channels  and  "I"  beams  so  that  only  two 
different  tape  shapes  are  required  and  any  nvunber  of  layers 
can  be  added.  This  situation  will  occur  when 

tiA=  t^^g  and  Lp  =  L^.  (See  Figure  6  for  nomen¬ 
clature).  The  spacing  between  the  channels  will  then  equal 
the  spacing  between  the  "l"  beams.  This  arrar^ement  is  not 
ideal  from  a  stress  standpoint.  The  loading  on  the  channels 
produces  bending  stresses  in  addition  to  the  axial  stresses. 
This  arrangement  also  results  in  a  varying  load  distribution 
across  the  wall  of  the  vessel  which  tends  to  overstress  the 
inside  and  outside  layers  while  under stressing  the  middle 
layers.  Thus,  the  efficiency  is  reduced. 

When  the  adjacent  channel  ends  are  butted,  two  different  shapes 
of  tape  are  sufficient  only  when  n  (the  nvunber  of  "l"  beams) 
is  equal  to  1  (3  layers)  or  the  spacing  between  the  "I  beams 
is  0.  For  all  other  configurations,  more  than  one  shape  of  I 
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4;. 2  Stress  Analysis  (Continued) 

beam  Is  required.  For  optimum  hoop  stress  design.  It  Is 
desirable  to  have  spacing  between  the  "I"  beams;  therefore, 
the  case  where  n  =  1  Is  recommended.  This  case  also  affords 
the  minimum  overall  wall  thickness.  Prom  a  stress  standpoint, 
the  butted  channel  arrangement  Is  preferable  to  the  spaced 
channel  arrangement  because  the  channel  bending  stresses  and 
the  varying  load  distribution  across  the  wall  are  reduced. 

Having  established  the  Interlock  configuration  which  yields 
minimum  stresses,  an  analysis  was  performed  to  determine  the 
actual  tape  dimensions.  The  butted  channel  tape  configurations 
were  analyzed  In  detail  and  the  results  are  shown  In  Figure  7. 

An  outline  of  the  stress  analysis  Is  given  below: 

(a)  Consideration  of  the  load  In  the  longitudinal 
direction  determines  the  shank  thicknesses  of 
the  "I"  beam  and  the  channel.  Since  there  are 
two  channel  layers  sandwiching  an  "I"  beam  layer 
In  a  three  layer  vessel,  the  shank  must  be  twice 
as  thick  as  the  channel  shank.  This  assumes  no 
pre-stresslng  of  the  "l"  beam  at  the  Interlock. 
However,  an  Initial  compressive  preStress  Imposed 
on  the  butted  channel  ends  will  tend  to  maintain 
llne-to-llne  contact  and  minimize  channel  bending. 

(b)  The  thickness  of  the  Interlocking  legs  Is  obtained 
next.  For  short  Interlocking  leg  heights  (Z\  =  0.010), 
the  allowable  shear  stress  determines  the  thickness 
of  the  leg.  In  general,  this  thickness  Is  more  than 
two  and  one-half  times  the  channel  leg  height.  Since 
the  Interlocking  legs  are  relatively  short  In  height 
and  broad  In  thickness,  the  Interlocking  load  was 
assumed  to  be  transmitted  In  shear  without  accounting 
for  bending  effects. 

(c)  The  length  of  the  "I"  beam  must  be  equal  to  the  sum 
of  twice  the  channel  leg  thickness  plus  twice  the 
"I"  beam  leg  thickness. 

(d)  The  height  of  the  channel  leg  (Zl)  Is  determined  by 
the  allowable  bearing  stress  on  the  Interlocking 
Joints . 
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4.2  Stress  Analysis  (Continued) 

(e)  The  length  of  the  channel  (Lc)  is  determined  last. 

The  metal-filled  area  of  the  wall  is  varied  by 
varying  the  channel  lengths.  For  an  optimum 
design,  the  metal-filled  area  is  sized  for  the 
allowable  vessel  hoop  stress. 

The  detailed  stress  calculations  made  in  determining  the 

final  shapes  of  the  "I"  beam  and  channel  are  shown  in  Appendix  I. 

4.3  Weight  Estimates 

A  weight  estimate  was  made  to  determine  the  percent  weight  saving 
of  the  titanium  tape  over  a  solid  wall  steel  shell  of  300M 
material  having  a  uniaxial  yield  strength  of  200,000  psi  minimum. 

The  weight  of  the  tape  wrap  includes  the  interlocking  tape  and 
the  plastic  liner.  The  weight  of  the  interlocking  tape  shell 
is  50^  less  than  the  weight  of  the  300M  shell  (Figure  8). 

4.4  End  Attachments 

The  design  for  attaching  the  ends  of  the  interlocking  tape  to  the 
domes  is  shown  schematically  in  Figure  9.  All  three  layers  of  tape, 
after  being  wrapped  around  the  threaded  dome  adapter, ^are  held  in 
place  by  groove  pins.  (An  investigation  of  other  bonding  methods  was 
carried  out  and  is  reported  in  Section  5.)  Because  of  the  helical 
winding  of  the  interlocking  tape,  the  natural  tendency  of  the  tape 
under  pressure  would  be  to  unwind  (See  Figure  10).  The  necessary 
restraint  can  be  attained  in  three  ways;  (1)  by  bonding  the  inter¬ 
locking  tapes  with  an  epoxy  resin  to  withstand  the  shearing  tendency 
to  unwind j  (2)  by  using  a  counter— winding  combination  of  layers  in 
which  the  unwinding  tendencies  can  be  mechanically  neutralized; 

(3)  by  relying  on  the  interference  fit  between  interlocking  tapes 
to  withstand  the  unwinding  tendency  through  friction.  Stress 
analyses  have  indicated  that  the  torsional  shear  stresses  are  low 
(422  psi)  and  the  friction  between  tapes  will  restrain  the  vessel 
from  unwinding. 

Figure  9  shows  the  adapter  to  be  tapered  where  the  unsupported 
cylindrical  section  of  the  interlocking  tape  starts.  This 
taper  minimizes  the  discontinuity  stresses  at  the  intersection. 

Under  internal  pressure  the  tapered  adapter  section  in  contact 
with  the  tape  will  yield  radially  outward  and  reduce  the  dis¬ 
continuity  effects. 
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4.4  End  Attachments  (Continued) 

Sealing  of  the  vessel  against  Internal  pressure  can  be 
accomplished  by  coating  the  inside  of  the  motor  with  a 
layer  of  vinyl.  Vinyl,  which  has  a  relatively  low  modulus 
of  elasticity,  is  capable  of  adhering  to  the  tape  wrapped 
vessel  without  cracking  when  subjected  to  the  radial  and 
longitudinal  strains  of  the  pressurized  vessel. 

The  final  design  of  the  sub- scale  vessel  is  shown  in  Figure  11. 
This  drawing  shows  details  of  the  tape,  adapters,  and  the 
assembly.  The  piston  rig,  which  is  used  for  hydrotesting,  is 
shown  in  Figure  12. 

4.5  Piston  Rig  -  Jacking  Fixture 

In  order  to  test  the  operation  of  the  Piston  Rig  Apparatus, 
a  burst  test  of  a  solid  300M  steel  vessel  was  carried  out. 

The  vessel  was  pressurized  to  a  burst  pressure  of  5000  psl 
without  damage  to  the  piston  rig.  However,  in  assembling  the 
piston  covers  containing  the  hard  rubber  "0"  rings  and  leather 
back-up  ring,  a  larger  than  expected  force  was  required  to 
compress  the  "0"  ring.  This  force  was  transmitted  through 
the  vessel  to  ground.  Consequently,  a  Jacking  fixture  was 
designed  and  fabricated  which  will  prevent  this  high  com¬ 
pressive  force  from  being  transmitted  into  the  vessel.  The 
design  of  the  jacking  fixture  is  shown  in  Figure  13. 

4.6  Structural  Rig 

A  structural  rig  which  will  be  used  to  evaluate  the  interference 
fit  has  been  designed  and  fabricated.  The  purpose  of  this  rig 
is  to  determine  the  parameters  which  affect  the  stresses  in 
the  tapes.  Schematically  shown  in  Figure  l4  is  a  freebody 
diagram  of  the  channel  subjected  to  the  loads  resulting  from 
the  Interference  fit.  It  may  be  observed  that  the  interference 
fit  tends  to  clamp  the  channel  flange  and  prevent  rotation 
during  pressurization.  Figure  15  shows  the  apparatus  which 
will  be  used  to  evaluate  these  stresses.  The  channel  sections 
are  fabricated  from  B120VCA  titanium  strip  and  will  be  ten 
times  the  actual  cross-sectional  dimensions.  The  clamping 
plates  will  also  be  fabricated  from  B120VCA  titanium.  These 
plates  when  bolted  together  will  produce  an  Interference  fit 
with  the  channel  sections.  Hoop  restraint  is  induced  by 
transverse  clamping  which  simulates  the  Internal  pressure 
effects.  The  test  procedure  to  be  used  for  this  rig  is 
detailed  in  Appendix  II,  and  the  instrumentation  layout  is 
shown  in  Figure  l6. 
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4.7  Roll  Redesigns 

The  following  procedure  was  used  to  determine  the  dimensions 
of  the  proper  finish  "l"  beam  rolls  that  would  yield  the 
correct  tape  cross-section.  The  form  rolls  were  not  reworked 
and  are  shown  In  Figure  17  •  Figure  l8  shows  the  finished 
rolls  assembled,  the  dimensions  of  the  rolls,  and  the 
resulting  rolled  tape  dimensions.  Since  the  angle  of  17 
is  more  than  the  desired  12°,  a  new  roll  was  made  (Figure  19) 
having  an  angle  of  1  to  This  roll  produced  a  tape  angle 

of  7.50,  A  plot  was  then  constructed  (Figure  20)  which  relates 
roll ’angle  to  tape  angle.  Based  on  this  data  a  new  roll  was 
made  having  angles  of  4.5  bo  5»5°»  The  resulting  tape  dimen¬ 
sions  are  shown  in  Figure  21.  The  "l"  beam  roll  width  was 
also  changed  to  produce  a  greater  Interference  fit. 

A  similar  procedure  was  carried  out  for  the  redesign  of 
finish  channel  rolls.  The  form  rolls  shown^ln  Figure  22  were 
also  not  reworked.  The  first  shape  rolled  is  shown  in 
Figure  23,  the  second  in  Figure  24,  and  the  third  in  Figure  25. 
A  plot  of  channel  roll  angle  versus  tape  angle  is  shown  in 
Figure  26. 
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STRESS  ANALYSIS  SUMMARY 


Configuration 

3  Layers 

Butted  Channels 

Wire  Material 

Titanium  Alloy,  B120VCA 

Mechanical  Properties  (psi) 
Longitudinal 

Transverse 

Bearing 

Shear 

250,000 

250,000 

417,000 

150,000 

Diimhell  Dimensions  (in.) 

Length  -  Lp 

Shank  Thick.  -  t3 

Leg  Thick.  -  t2_g 

Spacing  -  S 

Interlock  - 

0.104 

0.040 

0.026 

0.093 

0.0093 

Channel  Dimensions  (in. ) 

Length  -  Lq 

Shank  Thick.  -  t2 

Leg  Thick.  -  tj^ 

Spacing  -  S 

Interlock  -  ^ 

0.197 

0.0155 

0.026 

0 

0.0093 

Overall  Vessel  Thickness  (in.) 
Helix  Angle 

0.089 

00-46.2' 

Dumbell  Stresses  (psi) 

Hoop 

Axial 

Interlock  Bearing 

250,000 

250,000 

416,000 

Channel  Stresses  (psi) 

Hoop 

Axial 

Leg  Bending 

Leg  Shear 

Shank  Bending 

250,000 

250,000 

0 

150,000 

0 

Torsional  Shear  Stress  (psi) 

422 

Pig.  7 
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5.0  METALLURGY 


5.1  Work  Statement 


Metallurgical  work  carried  out  under  the  present  contract 
Includes  tape  manufacture,  development  of  measuring  techniques, 
measurement  of  Interference  fit,  development  of  heat  treatment, 
determination  of  frictional  coefficients,  evaluation  of  liner 
and  bonding  methods  and  a  limited  number  of  low  temperature 
tensile  tests. 

5.2  Starting  Material 

Commercial  B120VCA  titanium  alloy  weld  wire  produced  by.  centerless 
grinding  and  drawing  was  procured  In  the  mill  annealed  condition. 
Two  sizes,  .154"  and  .123"  were  evaluated  resulting  In  the  final 
selection  of  .123"  nominal  gage  for  both  shapes.  The  fabrication 
of  lengths  In  excess  of  100  ft.,  thoiigh  successful  In  some  heats, 
resulted  In  cracking  and  rupture  In  the  case  of  the  most  recently 
purchased  material.  Poor  wire  surface  In  "as  received"  material 
was  observed  to  contribute  to  this  problem.  Superficial  pickling, 
either  acid  or  basic,  found  effective  In  Improving  surface  con¬ 
dition  was  not  always  found  to  alleviate  the  problem.  Other 
possible  causes  Include  hydrogen  embrittlement,  surface  con¬ 
tamination,  and  variances  In  chemical  composition.  In  order 
to  Insure  quality  and  uniformity  In  future  purchases  a  speci¬ 
fication  for  B120VCA  material  In  the  form  of  colls  of  wire  was 
prepared.  This  specification  Is  reproduced  In  detail  In 
Appendix  III. 

5.3  Rolling  Techniques 

5.3.1  Round  Wire  Breakdown 

5. 3. 1.1  "I"  Beam 

The  round  wire  discussed  In  Section  5.2  Is  cold  reduced  to  a 
rectangular  shape  prior  to  further  reduction  In  the  Turks 
head  mill.  Originally,  a  Universal  Turks  head  was  used  to 
produce  all  rectangular  shapes.  This  procedure  was  abandoned 
In  favor  of  a  more  rapid  procedure  which  utilizes  power  driven 
rolls.  The  current  breakdown  Is  carried  out  in  a  groove  mill 
and  a  flat  mill,  and  Is  as  follows: 
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5. 3.1.1  "I"  Beam  (Continued) 


Pass 

No. 

Mill 

Thickness  of 
Rectangle 

Width  of 
Rectangl( 

1 

Groove 

.118 

.118 

2 

Groove 

.108 

.108 

3 

Groove 

.100 

.100 

4 

Plat 

.092 

.108 

5 

Flat 

.084 

.116 

6 

Plat 

.076 

.124 

7 

Plat 

.068 

.132 

8 

Flat 

.062 

.l4o 

5 . 3 . 1 . 2  Channe 1 

The  breakdown  of  round  wire  into  rectangular  cross-sections 
for  the  channel  tape  is  more  complicated  since  the  amount  of 
spread  (.121"  Dia.  to  .2165")  is  much  greater.  This  procedure 
also  requires  the  use  of  a  groove  mill  and  a  flat  mill,  and 
is  as  follows; 


Pass 

No. 

Mill 

Thickness 

Rectangle 

Width  of 
Rectangle 

1 

Groove 

0.1050 

0.1320 

2 

Groove 

0.0990 

0.1352 

3 

Groove 

0.0950 

0.1395 

4 

Groove 

0.0900 

0.1425 

5 

Groove 

0.0855 

0.1466 

6 

Plat 

0.0810 

0.1510 

7 

Flat 

0.0760 

0.1570 
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5. 3. 1.2  Channel  (Continued) 


Pass 

No. 

Mill 

Thickness 

Rectangle 

of  Width  of 
Re c tang  I 

8 

Plat 

0.0720 

0.1615 

9 

Plat 

0.0590 

0.1760 

10 

Plat 

0.0540 

0.1816 

11 

Plat 

0.0494 

0.1887 

12 

Plat 

0.0443 

0.1950 

13 

Plat 

0.0396 

0.2030 

14 

Plat 

0.0350 

0.2100 

15 

Plat 

0.0310 

0.2165 

The  problem 

of  reducing 

round  wire  to  the 

rectangular 

starting  shapes  necessary  for  Turks  heading  was  further  com¬ 
plicated  by  the  necessity  of  avoiding  the  use  of  oxide  coatings 
which  normally  serve  as  lubricants.  Oxide  coatings  were  found 
to  result  in  embrittlement  in  the  subsequent  Turks  heading 
operation. 

5.3.2  Turks  Heading  of  Rectangular  Wire 

Initially,  two  procedures  of  cold  reducing  rectangular  B120VCA 
titanium  wire  were  considered.  Use  of  power  driven  rolls  in 
a  "shell  mill"  was  believed  to  offer  the  advantages  of  spread¬ 
ing  rather  than  elongating  the  material  and  allowing  heavier 
reductions  per  pass  because  no  extremely  heavy  pull  was  needed. 
It  was,  however,  found  that  the  accuracy  of  the  shell  mill  was 
not  sufficient  to  maintain  the  critical  internal  shapes,  par¬ 
ticularly  the  angles.  Heavy  passes  resulted  in  cracking  of 
the  wire.  Intermediate  annealing  was  discarded  since  it 
lowered  the  attainable  strength  of  the  final  product.  Emphasis 
was,  therefore,  placed  on  the  Turks  heading  method. 
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5.3.2  Turks  Heading  of  Rectangular  Wire  (Continued) 

This  >"ethoa,  anf  seilltivlty 

a.nKl6  to  0116  anoTSii©!*.  ^  ^  ^  -oaI  i  ^  pf^n  mov6  In 

""  "dirloflon^oniri"”!  S?  S  domr  A  tolrd  available  model, 

thl  "oomblnatlon"  Turks  head  " 

addition,  provides  means  for  lateral  adjustment. 

Ilwas  initially  th^ht  that^by^llmltlng^reductlon 

could  be® obtained  In  addition,  it  appeared  advisable  to 
employ  one  or  more  intermediate  anneals. 

Numerous  samples  were  produced  "^g^^g^ate^anneals^were 

material  after  the  final  pass  exhibited  a  tensile  yieia 
strength  of  210,000  psi. 

forming  noils,  each  nelatl  J  ^  finishing 

;^^rfas®neoLsS  in  avoid  steps  In  the  Internal 

walls. 

r.8;.ss‘“  s 

iSwe?  Slrtz^'streises  i™Lr?olirand  lower  bearing  stresses 
in  the  arbors.  A  Kerosene-water  mixture  was  used  as 
lubricant. 
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5.3.2  Turks  Heading  of  Rectangular  Wire  (Continued) 

The  techniques  developed  for  the  processing  of  tape  in  the 
small  mill  were  found  applicable  in  the  larger  mill,  resulting 
in  the  successful  production  of  the  desired  shape  (Figure  3). 
Roll  design,  spring  back  calculations  and  modifications  of 
rolls  are  reported  in  another  portion  of  the  present  report 
(Section  4). 

5. 3. 2.1  "I"  Beam 

Using  the  procedure  outlined  in  the  above  section,  the  best 
I  beam  shape  was  produced  in  two  (2)  heavy  passes.  The 
first  pass  reduced  the  webb  to  0.04l6  and  the  Overall  length 
to  .1370.  The  final  pass  reduced  the  webb  to  .0395  and  the 
length  to  0.134. 

5 . 3 . 2 . 2  Channe 1 

The  final channel  cross-section  being  smaller,  but  wider, 
than  the  "l"  beam  required  somewhat  smaller  reductions.  The 
following  is  the  proceudre  employed  for  the  manufacture  of 
the  channel  type. 

Pass  No.  Channel  Webb  Thickness  Channel  Width 


1  .029  .2045 

2  .027  .  .2043 

3  .025  .2042 

^  .023  .2041 

5  .021  .2041 

D  .0195  .2040 

7  .0185  .2035 

°  .0175  .2030 

9  .0165  .2000 

10  .0155  .2000 


Figure  27  illustrates  the  major  steps  in  the  fabrication  of 
the  channel  shape.  As  Illustrated,  shapes  K  through  0  contain 
ridges  at  the  base  of  the  channel  which  are  used  to  force 
material  to  flow  upward. 

Figures  28  and  29  illustrate  both  cross  sections  in  the 
etched  and  unetched  condition.  As  may  be  observed  from 
Figure  29,  flow  lines  follow  the  internal  corners  indicating 
favorable  flow  with  respect  to  the  interference  fit  and  final 
pressure  vessel  requirements. 
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5,4  Evaluation  of  Measuring  Techniques 

The  measurement  of  both  shapes  has  presented  a  serious  problem 
due  to  the  close  tolerance  requirement  imposed.  An  investiga¬ 
tion  of  several  measuring  methods  was  carried  out.  These 
Include  measurement  by  means  of  a  comparator,  projection  by 
means  of  a  metallograph,  micrometer  measurement  of  external 
dimensions,  measurement  of  a  calcium  sulfate  mold  and  use  of 
toolmakers'  microscopes  and  air  gages. 

The  projection  of  both  shapes  by  means  of  a  comparator  resulted 
in  readings  differing  by  as  much  as  .0025  from  outside  dimen¬ 
sions  as  measured  by  a  micrometer.  This  was  primarily  due  to 
distortion  in  the  tape  produced  by  cutting.  Glancing  of  bhe 
comparator  beam  from  a  flexed  portion  of  the  tape  also  proved 
inaccurate  because  of  distortion. 

The  above  attempt  also  showed  that  any  twist  or  bend  could 
produce  erroneous  results.  This  Imposed  the  requirement  that 
measurement  must  be  made  in  a  perpendicular  plane.  This  was 
accomplished  by  copper  plating  (non-adhering)  the  tape  to  a 
thickness  of  approximately  0.005  inch.  The  tape  was  then 
placed  in  special  metallographic  clamps  as  illustrated  in 
Figure  30.  The  specimen  was  then  polished  metallographically 
and  photographed  at  50X.  The  photographs  were  then  measured. 

Comparison  of  the  results  obtained  using  the  above  procedure 
with  micrometer  measurements  revealed  a  difference  much  less 
than  those  obtained  with  a  comparator.  However,  this  difference 
(.0005  -  .0001  inch)  was  still  considered  too  great.  It  was 
decided  that  the  metallographic  method  be  used  to  measure 
only  dimensions  which  could  not  be  measured  with  a  micrometer. 

In  an  effort  to  obtain  greater  accuracy  a  fourth  method  was 
attempted  whereby  a  small  mold  was  clamped  onto  a  portion  of 
the  tape,  and  filled  with  CaS04**  1/2  HgO  solution.  This 
solution  was  allowed  to  set  for  2  hours.  The  Impression  thus 
produced  was  then  projected  on  a  comparator  and  measured. 

These  measurements  also  did  not  agree  (0.001  inch  larger)  with 
micrometer  measurements. 

External  comparators,  toolmakers'  microscopes,  and  air  gages, 
in  combination,  were  tried  next.  A  comparison  of  the  dimensions 
obtained  by  this  method  versus  those  obtained  by  metallographic 
and  micrometer  methods  is  as  follows: 
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5.4  Evaluation  of  Measuring  Techniques  (Continued) 


"l"  Beam 

Non-Me t a 1 log raf 
Metallographic 

Channe 1 

Non-Metallograi 

Metallographic 


Width 

.1378 

.1343 

He  ight 

.060 

.0586 

Groove 

Depth 

1 

r-2  . 

^3 

^4 

.0093 

.0100 

7O3O' 

60 

20° 

16° 

15° 

15°30' 

.2025 

.2015 

.0265 

.0268 

.0095 

.0095 

0  0 

140 

7°30' 

Note ; 

1  =  top  left  side 

2  =  top  right  side 

3  =  bottom  left  side 

4  =  bottom  right  side 

®?wSr?hfSrme?hodlf  "Mo5l%Shi?icL?  ^oSIver!  is  the  ^ 

5.5  Interference  Pit 

S  p^dfcf  af  ln?e??e?e!icl  Tif  b^weSn 

chaSnfl!1vL  though.the  "I"  was  out  of  tolerant 

S“J^ne1nchTeng"lhs  Tf^harnefierfhStiragalLt  etch  other 
?hl  “I"  top"5ayer^°TSrL”y  was 

ItTn  S5?afi?can?  ^“ssed  together  In  a  ^at  Position  The 

irfoohirrnd"^nai;rtrfoirpsi!°  x%iisPrL.ir^ 

Se"?a?er;erfp^riLL,  etched  and  fotographed.  Pressure 
was  maintained  on  the  sample  at  all  times. 

This  procedure  determined  the  force  required  to  produce  an 
interference  fit. 
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5.5  Interference  Fit  (Continued) 

A  determination  of  the  force  needed  to  achieve  an  interference 
fit  is  carried  out  as  part  of  evaluation  of  each  tape  lot 
produced.  Figure  31  shows  the  results  of  pressing  together 
the  tapes  shown  in  Figure  32.  The  load  was  applied  in  the 
center  of  the  "l"  beam.  It  may  he  noted  that  the  center  of 
the  "I"  beam  has  deflected  before  one  side  has  had  a  chance 
to  seat.  This  caused  a  cocking  effect  resulting  in  an  un- 
satisfactory  interference  fit.  Another  sot  of  channels  and  a 
"I"  beam  were  pressed  together  with  the  load  applied  to  the 
"l"  beam  flane-es.  The  result  is  illustrated  in  Figure  33. 

This  loading  method  eliminated  some  of  the  bowing  and  resulted 
in  better  seating  of  the  sides.  The  lack  of  good  fit  is  due 
to  the  undersized  width  of  the  "I"  beam  groove.  Despite  this 
the  tapes  stayed  locked  after  the  load  was  released. 

Tn  order  to  determine  the  amount  of  Interference  fit  from  the 
Standpoint  of  assembled  dimensions  and  force  needed  for  ^ 

separation,  an  experiment  was  carried  were  pressed 

beam  and  channel  tapes  shown  in  Figures  21  and  25  were  pres se 
together  (2  layers)  and  the  total  thickness  measured  (from 
iniwe  Sf  "I"  bSam  to  outside  of  channel)  as  a  function  of 
annlled  load  The  results  are  given  in  Figure  3^.  I't  can  be 

seen  that  a  2400  psl  force  was  necessary  learthe^ 

■Interference  fit  and  a  5000  psi  force  was  necessary  to  seat  tne 
"t"  beam  on  the  channel.  Figure  36  shows  a  3  layer  assembly 
oLsSrCeSlr  under  a  5000  psl  force.  Though  some  separation 

is  still  believed  to  be  present,  the  s 

this  due  to  rounding  of  edges  during  polishing.  This  fact  is ^ 
confirmed  by  observation  of  strain  markings  adjacent  §  ^ 

when  the  assembly  was  subjected  to  higher  compressive  loads. 

In  order  to  estimate  the  force  needed  to  overcome  the  inter¬ 
ference  fit,  the  fully  seated  sample  was  attached  to  small 

f:ri?od  1 

JrlfiL^relo^rorifTrs.^l  fnlX  °ol  ^he  same 
specimen  yielded  a  failure  load  of  6  pounds. 

The  values  obtained  are  considered  sufficient  to  prevent  un- 
SLulK  laSrlm  vessel  assembly)  of  a  partially  wrapped  layer 
upon  removal  of  the  restraining  forces  Imposed  by  the  wrapping 
mLhanlsm  and  drag  break.  This  was  verified  during  trial 
wrapping  of  a  dummy  arbor. 
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5.6  Tensile  Testing  Apparatus 

,  ,  *beain  3.nd.  ch3.nn6l  shsp^d  t3.p©s 

intllllTLTe  failed  to  give  -Produome  values, 

dri^jrfefe 

llTonlt  hSr?y"SS^grlp3  The  ^PlPtlonal  foroe 

SI  Bsrrn“4»t-  i^soe)- 


5,7  Heat  Treatment 

The  heat  treat  f  SS'^SaStlSf  Se|lS”“  ”>lh<l 

IsSoSSSfl  yield  Btrength  with  4  percent  ductility, 

The  specimens  to  he  heat  treated  were  first  degreased ^and 

^eSaSdSt'LS^I!  lL|e|aIS£rm  the\l^^^ 

to  produce  maximum  properties  was  found, 
presented  in  the  following  sections. 

5.7.1  Channel  Heat  Treatment 

The  results  of  aging  channel  tape  are  ^ 

^^SSSlIStS  This  hSt  treatment  results  In  approximately 
ihe®slL'SlShtlef  Is  the  "I"  beam  heat  treatment. 

5.7.2  "I"  Beam  Heat  Treatment 

frl  SSStelSl^iSuJs?^^ 

eloAgatlon  was  1.5  percent  (1"  gage  length). 
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Metallographlc  and  Hardness  Study 


'-'c*  - -  - 

The  aging  response  of  .“'’^“^L'^investlgated'l^^Thls  was 
reduotlol  in  area  and  hardness  ^  the  Iross-seotlons  shown 

accomplished  by  aging  i^ours  In  a  vacuo,  ge 

in  Figure  2T  at  750  F  1  presented  In  Figure  39.  It  may 

resulting  iriicrostructures  ar  p  indicate  behavior  in  a 

nSrrairfashU''w«h”'e5wence  of  presence 

sSieroldlf  prfc!fl?a?e"(;?oSably  TlCral  ihown  in  Figure  39  (O 

is  indicative  of  overaging. 

A  Vlchers  hardness  su^eyusl^  a  5  Kilogram  load^was  taKen^ 
across  the  above  specimens.  The  ^  ^^ness  with  increasing 
^rdu^irnl.'^ThrS?  hSur-a|ed  hardness  is  less  than  the  hardness 
obtained  with  the  20  hour  treatment. 


5.8  Klimination  of  Twist»  and  Bow  ^ 


T^^lstlng  and  bowing  of  ^apes  was^ound^o^cause^dlffloulty^ 

during  the  wrappi^  ^otp^of  the  "I"  beam,  resulting  in  loss  of 
particularly  in  the  case  J  a  Sne-set"  helix  causing 

interference  fit.  f "^J;ticularly  in  the  case  of  the 
difficulty  during  stacking,  particuxai 

first  channel  layer. 

Both  problems  are  *^^,““^^0  ^^“^hrtapf 

which  supplies  the  p1 iminate  bowing  as  well  as 

risS?^:  substituted 

for  the  presently  used  bull 


5 . 9  Coefficient  of  Friction 


- - - - - 

n  sh.3.P^S  SSSlAITlGCl  B. 

The  design  of  both  channel  investigation 

ro^^dfter^^L^thf  t^tuaf  P-formed  in  the  following 

manner: 


* 

** 


Twist 
Bow  - 


-  Rotation  of  cross- 
Bending  of  the  tape 
of  the  web. 


section  about 
axis  parallel 


tape  axis, 
to  the  plane 
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5.9  Coefficient  of  Friction  (Continued) 

Two  titanium  channel  tapes  were  mounted  back-to-back 
and  clamped  with  a  predetermined  load  (Figure  4l). 

The  channels  were  then  pulled  in  opposite  directions 
and  the  load  to  initiate  slippage  noted.  This 
experiment  was  repeated  with  different  clamping 
loads  and  the  corresponding  slippage  loads  recorded. 
The  results  are  tabulated  in  Table  III. 

An  Increase  in  the  coefficient  of  static  friction  from  .270  to 
,348  as  a  result  of  heat  treating  was  observed.  Analysis  shows 
the  interlock  to  be  effective  only  when  the  condition  tan  Q<m. 
is  satisfied,  where  0  is  the  Interference  fit  angle,  and  ^  the 
coefficient  of  static  friction.  Figure  42  shows  the  derived 
relationship  between  the  tape  angle  and  coefficient  of  friction. 

5.10  Evaluation  of  Bonding  Methods 

In  accordance  with  design  requirements,  it  is  essential  that 
the  tape  be  bonded  to  the  adapters.  The  possibilities  con¬ 
sidered  include  brazing,  soldering,  ultrasonic  welding,  and 
the  use  of  resins. 

The  goal  was  to  obtain  a  tensile  shear  strength  of  4,500  psl 
with  0.001"  strain. 

Brazing  was  not  attempted  since  the  temperatures  Involved 
are  usually  above  lOOO'^F  which  is  in  excess  of  the  upper 
limit  of  the  aging  temperature.  Low  temperature  brazing  or 
soldering  and  ultrasonic  welding  were  found  unsatisfactory. 

Epoxy  resins  appeared  attractive  since  they  are  either  room 
temperature  curing  or  cure  at  slightly  elevated  temperatures. 

An  evaluation  was  carried  out  wherein  a  piece  of  steel  large 
enovight  to  contain  a  piece  of  B120VCA  channel  tape  was  zlrconlte 
blasted  and  degreased.  The  titanium  tape  was  cleaned  in  3  parts 
HF-30  parts  HNOo  solution  for  one  minute  and  washed  in  water. 

The  resin  was  applied  to  both  parts  which  were  then  allowed 
to  come  in  contact  with  each  other.  The  specimens  were  pulled 
in  uniaxial  tension  using  self-aligning  grips.  A  def lacto¬ 
meter  was  used  to  measure  the  cross-head  movement.  B120VCA 
channel  tape  was  previously  tested  and  stress-strain  curves 
determined.  At  given  loads  a  corresponding  strain  of  the  tape 
was  subtracted  from  the  total  deflection  and  stress-strain 
curves  for  the  resins  were  then  drawn.  From  these  curves  a 
modulus  of  elasticity  for  each  resin  was  calculated. 
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5.10  Evaluation  of  Bonding  Methods  (Continued) 

Tests  showed  that  the  resins  all  had  modulll  of  elasticity  in 
the  neighborhood  of  10,000  to  25,000.  These  results  are  tabu¬ 
lated  In  Table  IV  and  are  illustrated  in  Figure  43.  It  was 
found  that  Maraset  (Marbellette  Corporation)  had  the  highest 
strength  and  elastic  modulus  while  Bondmaster  (Rubber  and  Asbestos 

next.  Eastman  910  and  Goodyear  Pllbond  did  not 
adhere.  Since  a  value  of  4,500  psl  was  required  at  a  0.001" 
strain,  the  material  would  require  a  modulus  of  elasticity  of 
^.5  X  10°.,  This  could  not  be  attained  in  resins. 

5.11  Vessel  Liner  Evaluation 

A  test  was  carried  out  to  determine  the  adherence  and  elastic 
properties  of  Teflon  as  a  vessel  liner.  The  vessel  is  so  designed 
that  a  sharp  a^le  exists  where  the  first  tape  layer  leaves  the 
adapter.  For  testing  purposes  two  (2)  pieces  of  metal  (titanium 
and  steel)  were  joined  together  as  shown  in  Figure  44.  Teflon 
was  then  sprayed  over  the  joint  and  the  metal  pieces  pulled  in 
tension  with  a  4500  pound  force. 

showed  that  Teflon  could  not  be  relied 
US  ^4  corner  and  provide  a  leak-tight  joint.  In  view 

of  this,  a  modified  Teflon  and  vinyl  were  tried.  The  results  of 
this  evaluation  indicated  that  the  modified  Teflon  flaked  when 
subjected  to  tensile  loading.  However,  the  vinyl  coating  withstood 
or^flaking^^  strain  (4500  lb.  load)  without  any  noticeable  cracking 

5.12  Cryogenic  Properties  of  B120VCA  T1 

The  results  of  limited  low  temperature  tensile  tests  are 
presented  in  FigUre45and  shown  in  Flg-ure  46. 

specimens  had  a  gage  length  of 

choo?  and  a  width  of  .400  ±  .005  .  The  low  temperature  smooth 
sheet  specimens  were  the  same  except  that  the  specimen  width  was  .250". 

specimens  were  the  same  as  the  room  temperature  smooth 
specimens,  except  for  a  notch  with  a  root  radius  of  0.010  ±  .001" 
an  included  angle  of  45°  and  the  minimum  width  was  .270  +  .003". 

It  can  be  seen  from  these  results  that  this  alloy  is  not  reliable 

strength 


Tests  run  on  a  second  heat  and  a  O.05O"  gage 
the  same  results. 


thickness  produced 
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Figure  27 
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Speciniens  Mounted  for  Measureinent 


and  Channel  Flow  Lines 


Figure  29 
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SCHEMATIC  ILLUSTRATION  OF  METALLOGRAPHIC  CLAMPS 


CHANNEL 


"l" BEAM 


Figure  30 
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Figure  33 
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Tension  Test  R: 
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Tension  Test  Rig 


AGING  RESPONSE  OF  B120VCA  TITANIUM  WIRE 
ROOM  TEMPERATURE  TENSILE  PROPERTIES  OF  "CHANNEL"  WIRE 
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ELONGATION  STRENGTH- KSI 


AGING  TIME  -  HOURS 


Figure  37 
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TABLE  II 


-3  2 

"I"  BEAM  SHAPE  HAVING  CROSS-SECTIONAL  AREA  =  5.0  x  10  IN 


Aging  Temperature 
and  Time  _ _ 

As  Received  (50^  cold  work) 

SOOOp  -  5  hours 

SOOOp  -  10  hours 

SOO^F  -  15  hours 

SOO^F  -  20  hours 

SOO^F  -  25  hours 

SOO^F  -  30  hours 

SOO^F  -  38  hours 


U.T.S. 

(^si) 

Y.S. 

Elongation 

in  r'  1%) 

211.3 

204.2 

4.0 

246.2 

239.75 

2.0 

262.5 

252.5 

2.25 

265.0 

254.0 

1-75 

263.0 

255.5 

1.0 

264.0 

259.0 

-- 

263.0 

254.5 

-- 

255.0 

— 

-- 
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HEAT  TREAT 


AGING  R 


MATERIAL  CONDITION 

5.6 

5.6 

a 

AS  COLD  ROLLED 

b 

AGED  750°F-20  HRS. 

# 

C 

AGED  750°F-47  HRS. 

• 

AGING  RESPONSE  VS.  %  RA 


Figure  39 
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Hardness  vs  %  RA 
(730<^P  Isotherm) 


FI21CT10M  TEST 
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TABLE  III 

COEFFICIENT  OF  FRICTION  OF  B120VCA  TITANIUTVI  WIRE 


Torque 

(#) 

Nominal  Load 

N  {#) 

Tensile  Load 

P  (#) 

Coefficient 
/  >  =  F 

N 

Cold  Rolled 

(Drawn)  Wire 

24 

1046.9 

280 

0.267 

28 

1219.9 

360 

0.295 

34 

1480,0 

400 

0.270 

42 

1828.2 

455 

0.249 

56 

2436.5 

660 

0.271 
0.270  Avg 

Cold  Rolled 

,  Heat  Treated 

Wire 

24 

1046.9 

395 

0.377 

28 

1219.9 

415 

0.340 

34 

1480.0 

510 

0.345 

42 

1828.2 

650 

0.355 

56 

2436.5 

790 

0.324 
0.348  Avg 
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(3“19NV  3aiM)  d 


Figure  42 
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Resin 

"MARASET" 

(Marbelette  Corp. ) 

"BOND  MASTER" 
(Rubber  &  Asbestos 

"DEVCON  ' 2  TON ' " 
(Devcon  Corp.) 


TABLE  IV 


RESIN  EVALUATION 


Shearing  Stress 


Modulus  of  j 

Elasticity  (XlO^n(psi) 


1003 


2.04 


824 


Corp . ) 


1.78 


516 


1.69 
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SHEAR  STRESS  VS.  STRAIN  CURVES  OF  EPOXY  RESINS 


Figure  ^3 
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STRAIN  (IN./IN.) 


LINER  FIU(  TEST 


•J  Q. 
lU  - 
bJ  CC 
H  H 
tn  (A 


\5 


Figure  44 
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LOW  TEMPERATURE  TENSILE  PROPERTIES 

OF 

B120VCA  Ti  -  aged  AT  900°F  -  75  HRS. 
AC  (HEAT  #F-6236  -  GAGE  -  0.090") 


Test 

Temperature 

Condition 

UTS 

Elong¬ 
ation 
in  1" 
(fo) 

RA 

W 

RATIO: 
Notched  UTS 
Smooth  UTS 

Room 

Temperature 

Smooth 

Notched 

214.0 

164.1 

3.4 

1.0 

4.9 

0.78 

_35op 

Smooth 

220.6 

1.5 

3.1 

0.61 

Notched 

135.5 

.3 

0.5 

-650F 

Smooth 

227.2 

1.2 

1.5 

0.57 

Notched 

129.5 

.05 

0.1 

-IIOOF 

Smooth 

235.8 

1.0 

0.5 

0.52 

Notched 

121.5 

0 

0 

-3200F 

Smooth 

190.0 

0 

0 

0.34 

Notched 

64.0 

FIG.  45 
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TEMPERATURE  TENSILE  PROPERTIES  OF  BI20  VGA  TITANIUM 


V31JV  N0ll0rK]3^ 


Figure  46 
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6.0  EXPERIMENTAL  MANUFACTURING 

The  manufacture  of  two  6.2"  I.D.  sub-scale  vessels,  employing 
the  tape  configurations  Illustrated  In  Figures  3  and  4,  was 
accomplished  on  a  converted  lathe  shown  In  Figures  47  and  48. 
This  piece  of  equipment  consists  of  the  following  components: 

(a)  Wrapping  Apparatus  (6T-60924) 

(b)  End  Adapters  (LS-25439-7) 

(c)  Collapsible  Mandrel  (6T-60925) 

(d)  Reel  Equipment  (6T-60988) 

(e)  Dummy  Arbor  (DA-32360) 

6 . 1  Wrapping  Apparatus 

The  wrapping  apparatus  (Figure  49)  rolls  over  the  mandrel 
assembly  (described  In  the  following  section)  on  the  ways  of 
the  lathe.  It  Is  Initially  supported  on  three  legs.  The 
apparatus  Is  fitted  with  three  equally  spaced  and  free  ro¬ 
tating  rollers.  Two  of  the  rollers  are  mounted  on  shafts 
which  are  clamped  to  the  frame  and  the  third  Is  mounted  on 
a  cylinder.  This  system  Is  capable  of  applying  a  rolling 
radial  force  of  2500  pounds  on  the  tape.  By  application  of 
the  rolling  force,  the  apparatus  lifts  from  Its  legs  and 
centers  Itself  on  the  mandrel.  The  roller  shafts  are  axially 
and  angularly  adjustable  by  means  of  gage  blocks  and  sine  bar 
devices  mounted  at  the  shaft  ends  (Figure  49).  This  provides 
a  means  of  tilting  the  rollers  to  the  wrapping  helix  angle 
while  maintaining  their  correct  axial  positions.  A  spring 
loaded  guide  pushes  the  tape  axially  at  the  point  of  tangency 
as  the  tape  Is  fed  on  the  mandrel.  Three  sets  of  rollers  are 
required  to  wrap  a  vessel.  Each  set  of  rollers  Is  formed  to 
suit  the  particular  tape  shape.  The  apparatus  Is  attached  to 
the  compound  of  the  lathe  carriage  through  tie  rods  for 
driving  through  the  lathe  lead  screw.  This  provides  axial 
and  square  adjustment  of  the  apparatus  while  It  Is  engaged 
In  the  lead  screw  pitch.  By  removing  the  tie  rods,  the 
apparatus  may  free-track  to  follow  the  pitch  of  a  tape  lay. 

Trail  wrapping  was  attempted  with  spring  loaded  tie  rods 
pulling  the  head  In  the  anti-wrapping  direction  with  forces 
which  are  great  enough  to  overcome  the  friction  between  the 
tape  and  the  arbor.  The  tests  were  unsuccessful  since  the 
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6.1  Wrapping  Apparatus  (Continued) 

rollers  pulled  out  of  the  tape  track.  The  rollers  were  sub¬ 
sequently  reworked  to  remove  the  .010"  radii  at  their  edges. 
Another  trial  run  showed  them  to  still  roll  out  of  the  tape 
track.  It  was  then  concluded  that  the  head  must  be  able  to 
track  freely,  uninhibited  by  external  forces. 

The  tie  rods  were  removed  and  the  same  tape  was  wrapped  with 
the  head  tracking  freely.  The  roller  helix  angle  or  tilt  was 
set  for  .190"  pitch  or  .010"  less  than  the  channel  width.  As 
the  channel  winds  on  the  arbor.  It  Is  continuously  pushed  at 
the  shoulder  by  the  difference  In  pitch,  which  causes  the 
tape  to  slip  on  the  arbor  until  It  butts  the  previous  wrap 
(Figure  50) .  After  butting  Is  achieved,  the  roller  slips  on 
the  tape  to  make  up  for  the  pitch  difference.  This  Is  a 
continuous  and  smooth  occurrence  since  the  displacements  are 
achieved  In  the  circumferential  length  of  20  Inches  In  each 
turn.  The  first  trial  of  l4  wraps  measured  .011"  more  than 
l4  times  the  mean  width  of  the  channel.  A  second  trial  with 
a  more  uniform  channel  was  wrapped  17  turns  with  a  measured 
length  of  .0005"  more  than  17  times  the  mean  tape  width. 

This  method  of  wrapping  Is  considered  acceptable  for  the 
first  layer. 

Trial  wrapping  of  the  second  layer  was  first  attempted  with 
an  embrittled  tape  section  which  failed  under  load.  A  second 
attempt  was  made  using  a  unheat-treated  length  which  distorted 
under  a  load  of  1500  pounds  and  required  500  pounds  to  bottom 
on  the  first  layer.  The  second  layer  was  wrapped  successfully 
with  a  1000  pound  radial  load,  but  the  Interference  fit  was 
not  sufficient  for  full  Interlock. 

The  third  layer  was  similarly  wrapped  with  a  1000  pound  radial 
load.  The  three  layers  shown  In  Figure  51  were  wrapped  on  the 
dummy  arbor  demonstrating  that  the  wrapping  technique,  except 
for  Increased  Interference  fit.  Is  feasible. 

6.2  End  Adapters 

300M  and  SAE  52100  steel  end  adapters  are  rough  turned,  heat 
treated,  and  ground  all  over.  All  helical  surfaces  are  ground 
on  a  thread  grinder  In  the  solid  stock.  The  grinding  of  the 
Inner  tape  Is  done  after  assembly  In  order  to  maintain  adapter 
strength  during  wrapping  and  mandrel  stripping.  The  technique 
developed  for  grinding  the  helical  surfaces  utilizes  a  set  of 
wheel  dressing  cams  which  provides  a  "V"  shaped  wheel  edge 
with  a  24°  Included  angle.  The  point  Is  dressed  down  so  that 
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6.2  End  Adapters  (Continued) 

the  wheel  grinds  a  groove  of  .0544"- .0536"  width  when  fed  to 
a  sufficient  depth.  The  adapter  Is  clamped  on  an  arbor 
(Figure  52)  which  has  angular  scribe  marks  to  permit  rotation 
and  re-lndexlng  of  the  adapter  relative  to  the  wheel  and  arbor 
which  are  constantly  engaged  In  the  machine's  ,200  pitch.  In 
this  manner,  control  of  the  pitch  Is  maintained  while  the  same 
wheel  Is  relatively  shifted  from  position  to  grind  the  other 
groove  shapes  which  are  off  the  pitch  lines. 

A  comparator  chart  of  62-1/2  magnification  was  used  to  check 
the  helical  surfaces  on  an  optical  comparator. 

The  grinding  of  the  Inner  taper  Is  done  after  assembly  In  order 
to  maintain  adapter  strength  during  wrapping  and  mandrel  strip¬ 
ping.  A  support  tube  (Figure  53)  was  designed  and  fabricated 
which  clamps  the  adapters  of  a  finished  vessel.  This  tube 
supports  the  vessel  during  grinding  of  the  tapers  and  also  acts 
as  a. protective  case  for  the  vessel. 

6.3  Collapsible  Mandrel 

The  end  adapters  are  assembled  and  clamped  on  a  mandrel  (Figure 
54)  which  holds  them  In  posit io!  and  provides  a  core  for 
wrapping.  This  mandrel  Is  capable  of  absorbing  the  wrapping 
loads  and  Is  collapsible  and  retractable  after  wrapping.  It 
consists  of  a  solid  stepped  shaft  (Figure  55)  onto  which  a 
five-segment  shell  Is  assembled.  The  segments  were  made  from 
two  hardened  cylinders  which  were  ground  on  the  I .D .  to  fit 
the  center  shaft  and  on  the  O.D.  at  each  end  to  fit  the  counter¬ 
bore  In  the  locating  rings.  The  segments  are  clamped  to  the 
shaft  by  means  of  the  locating  rings  which  are  piloted  on  the 
shaft  and  are  In  turn  clamped  in  the  assembly.  The  end  adapters 
are  assembled  on  the  locating  rings  and  held  axially  between 
the  segments  shoulders  and  end  plates.  The  adapters  are  free 
to  rotate  for  angular  positioning  by  adjustment  of  the  end 
plates.  In  disassembly,  the  end  plates  are  removed  and  one 
locating  ring  removed  by  pull-out  screws.  The  assembly  Is 
located  on  a  sleeve  which  permits  the  pressing  out  of  the 
shaft  which  In  turn  pushes  out  the  second  locating ^ ring .  The 
pressing  load  is  opposed  by  the  reaction  load  passing  through 
the  sleeve,  the  end  adapter,  and  the  segments.  The  segments 
are  then  free  to  be  pulled  to  the  center  and  withdrawn.  During 
wrapping,  the  mandrel  assembly  Is  driven  on  a  lathe  between 
the  face  plate  and  a  live  center  (Figure  56) . 
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6.3  Collapsible  Mandrel  (Continued) 

The  extraction  of  the  mandrel,  after  wrapping,  required  approx¬ 
imately  a  10,000  pound  force.  This  was  resulted  in  the  draging 
of  the  tape  causing  a  "saw-tooth"  effect.  In  view  of  this,  a 
new  inner  core  was  designed  and  constructed  for 
mandrel.  The  new  core  Incorporates  a  l/l6  inch  thick  Cero 
Alloy"  sleeve  which  will  be  melted  before  extraction  of  the 
core,  and  thus  reduce  the  extraction  force. 

6.4  Reel  Equipment 

Reel  equipment  is  mounted  on  the  lathe  head  and  locates  the 
tile  ?Sis  in  the  axial  location  of  the  mandrel.  Each  reel 
(Figure  56)  holds  enough  tape  for  one  layer  and  spaces  it  to 
the^raoplng  pitch.  The  reel  is  mounted  on  a  shaft  shich  is 
supported  bftSeen  bearings  (Figure  57).  A  drag  ^^jake  is  mounted 
at^Le  end  of  the  shaft  and  is  controlled 

which  can  vary  the  tape  tension  in  a  range  of  0-400  pounds. 

6.5  Dummy  Arbor 

A  dummv  arbor  (Figure  58)  which  simulates  a  mandrel  assembly 
Si?nnd  Sapters^has  been  designed  and  fabricated.  ^Is  Is  a 
hardened,  solid  steel  arbor  which  is  used  in  the  development 
of  wrapping  procedures.  Variables  due  to  tape  tolerances 
assembly  of  parts  are  minimized  so  that  the  adapters  and  mandrel 
are  not  Jeopardized  during  development. 

6.6  Staking 

This  method  of  Joining  the  tapes  to  the  ^''^^'"a^gensltiJS® 

for  pins  in  the  hardened  tape  and  adapter  material  ^ 
drill  The  drilling  must  be  done  at  the  wrapping  machine  with 
Snd^drill  wSci  prisents  risk  of  drill  breakage  The  <lr  11  ling 
of  the  end  adapters  requires  solid  carbide  drills  which  a  e 
tremely  brittle.  The  staking  pin  size  has  been  Increased  to 
1/16"  to  reduce  drill  breakage. 

6.7  Wrapping  Development 

Trial  wrappings  of  the  first  layer  were  made  with  the  roller 
Llix  angles  set  for  .200"  pitch  and  the  wrapping  head  driven 
by  the  lathe  lead  screw.  The  resulting  ®P^oing  was  erra  1  . 

The  first  layer  must  be  wrapped  with  channels  butting  ^^Shtly 
to  oermit  fitting  of  the  second  layer  interlock.  Several  modi¬ 
fications  were  made  to  the  wrapping  apparatus  primarily  for  this 
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6.7  wrapping  Development  (Continued) 

-K  of  tape  width,  the  head  tracking 

purpose.  The  i^ri^elnc;  exactly  the  same  is  remote, 

rate,  and  J s  fxpected^and  should  be  used  to 

Therefore,  axial  slippage  P  lathe  lead  screw,  as 

?Sfnafi;  c^nSSp^°aLri/not  considered  practical. 

Experiments  were  then  run  with  the^wrapping  |PP-atus^on^the^ 
bare  dummy  arbor  using  tracking  rate  was  detected. 

loads.  An  inconsistency  in  the  tracking  r  Reflections 

Eooentrloltles  tn  the  roller  shaft 

in  the  apparatus  due  gettings  on  the  shaft  assem- 

rulsteJ^est^rUBh^d  ?r:iilm.se  the  effect  of  these  devl- 
at ions . 

Experiments  -ere  also  carried  out^o  ^ete^lne^the^axlal^drag 

force  required  to  ^^JtSs  wL  set  to  track  the  arbor  by 

on  the  bare  ^rbor.  The  app  Cables,  fitted  with  a 

means  of  roller  til  ^^ophed  to  the  frame  and  fixed  at  oppo- 
spring  balance,  the  mandrel  until  the  re¬ 

site  ends.  The  ^PPf ^ „  caused  slippage  between  the 
straining  force  of  the  ients  of  friction  between  .120- 

rollers  and  the  arbor  Coefficients  pieces 

otelTaJe-l^cat^^  rictfe7a 

“c“olent"of  ?r“lct!fn  of  .5,  'approximately. 

A  modification  was  made  on  the  S^ynead  OTd°the  lathe 

poraEefa  third  ^le  fod  between^the  wrapplng^head^^^ 

compound  (Figure  59) •  null  the  head  back  from  the 

::4wl^"dllecrion!’'?ie?eby  staohlng  the  first  channel  tightly 

with  a^predetermined  load. 

In  previous  trial  '^’^^P®^^^5|^^^secLd!^and  tMrd  layers, 
rfspec??vriy  T^e  tSe  tension  remained  at  200  pounds. 

NO  problems  were  encountered  Sl^howev:???-!-”; 

the  first  layer.  The  4=  first  few  laps  over  that 

tured  under  the  2500  pound  1°^  on  the  fl  It,e 

portion  of  the  equivalent  to^the^ad^P^^  portion  and 

iSfn  rn4ratrd1o^250H|nds  o^er  the  t  t  i- 

r  the  stell  and  2500  pounds 

on  the  titanium  without  difficuitie  . 
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6.8  Wrapping  Vessel  No.  1 

Vessel  No.  1  (Figures  60  and  6l)  was  wrapped,  staked,  and  the 
mandrel  successfully  withdrawn.  The  force  necessary  to  with¬ 
draw  this  mandrel  was  10,000  pounds.  This  vessel  appeared  to 
be  rigid  and  able  to  withstand  handling  despite  the  following 
condition : 

(a)  A  variation  In  outside  diameters  between  the  end 
adapters  and  the  mandrel  resulting  In  an  adapter 
to  mandrel  step.  Wrapping  difficulties  occurred 
In  these  zones  on  all  three  layers.  It  Is  felt 
that  this  situation  caused  a  "saw-tooth"  effect 
on  the  Inside  of  the  vessel  when  the  mandrel  was 
extracted . 

(b)  The  tape  used  (both  "I"  beam  and  channel)  was 
slightly  out  of  tolerance. 

(c)  An  Incorrect  "as-received"  helix  on  the  third  layer 
Increased  the  tendency  of  this  tape  to  eject  the 
staking  pins.  This  Incorrect  helix  also  caused  the 
tape  to  form  an  "S"  shaped  curve  coming  off  the 
wrapping  reel.  This  condition  produces  difficulty 
In  attaining  a  tight  loop-to-loop  (side  face)  con¬ 
tact.  It  was  learned  from  these  problems  that  the 
third  layer  (channel)  must  be  wrapped  during  the 
tape  manufacture  process  onto  the  driom  with  the 
legs  facing  Inward. 

Wrapping  of  the  first  layer  employed  the  proper  shaped  rollers 
loaded  to  500  pounds  radially  with  a  tensile  force  on  the  tape 
of  200  pounds.  These  rollers  were  free -tracking  and  were  set 
at  a  retarding  pitch  of  0.190  Inch;  the  wrapping  pitch  being 
0.200  Inch.  The  proper  angular  alignment  (about  Its  axis)  of 
the  terminal  end-adapter  was  accomplished  using  a  "Jo"  block 
of  a  thickness  equivalent  to  a  multiple  of  the  actual  channel 
tape  width.  A  gain  of  .001  Inch  In  width  for  each  turn  due  to 
the  compressive  deformation  of  the  tape  was  measured  resulting 
In  a  cimiulatlve  total  terminal  loss  of  .043  Inch  for  the  com¬ 
plete  first  layer.  No  measurable  space  between  turns  was  ob¬ 
served.  An  "Indlac"  concentricity  measuring  device  showed 
maximum  runout  of  0.002  Inch  except  In  the  adapter-to-mandrel 
transition  areas  where  the  step  caused  the  Instrument  to  run 
off  scale . 

The  second  layer,  rolled  with  wide,  plain  rollers,  cracked 
under  the  Imposition  of  the  high  (2500  pounds)  radial  force. 
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6.8  Wrapping  Vessel  No.  1  (Continued) 

A  check  of  the  end  adapters  revealed  that  the  adapter  section 
which  fits  into  the  groove  of  the  "I"  beam  was  wider  than  the 
tape  groove  and  that  sharp  edges  existed.  By  breaking  these 
edges,  the  Interference  fit  was  reduced  and  cracking  elim¬ 
inated.  This  second  layer  was  removed  and,  using  new  tape 
(having  the  same  cross-section),  rewound  under  a  radial  force 
of  1350  pounds . 

The  third  layer  (channel)  also  was  confronted  with  the  "step" 
problem.  In  addition,  the  application  of  the  high  radial 
rolling  force  (2500  pounds)  rlastlcally  deformed  the  tape  thus 
increasing  the  basic  width  of  the  channel  by  .0014  inch.  The 
first  few  loops  were  unwound  and  the  tape  width  reduced  to 
0.200  inch  by  hand  filing.  Pressure  tests  on  subsequent  wraps 
indicated  that  a  gage  setting  of  45  psl  (1300  pounds  approxi¬ 
mately),  applied  radially,  was  the  optimum  non-deforming  force 
permissible.  This  setting  was  used  to  complete  the  wrapping 
of  the  third  layer. 

6.9  Wrapping  Vessel  No.  2 

The  first  layer  was  successfully  wrapped  with  a  radial  load  of 
570  pounds  and  tensile  load  of  approximate ly80  pounds. 

The  second  layer  bottomed  and  locked  with  a  radial  load  of  870 
pounds  and  a  tens.ile  load  of  80  pounds.  A  radial  load  of  1000 
pounds  caused  distortion.  Towards  the  end  of  the  second  layer 
at  the  terminal  point  of  the  first  layer ,  a  space  developed 
between  the  first  layer  and  the  end-adapter  shoulder.  The 
staking  pin  for  the  first  layer  was  removed,  the  adapter  was 
rotated  to  close  the  space  and  wrapping  of  the  second  layer  was 
completed.  The  space  could  be  caused  by  a  .0002  compression  of 
the  channel  tape  In  the  interference  fit .  The  tape  used  in  this 
vessel  was  not  heat  treated. 

The  third  layer  required  a  1200  pound  radial  load  and  a  180 
pound  tensile  load.  No  difficulties  were  encountered  until  the 
channel  reached  the  first  groove  on  the  end  adapter,  at  which 
point  it  was  displaced  approximately  .005  forward.  The  last 
wrap  had  to  be  filed  to  fit . 

After  completion  of  wrapping  and  staking,  the  collapsible  arbor 
was  removed  on  an  arbor  press  with  no  dltflculty.  The  arbor 
extraction  force  was  estimated  at  5  tons.  The  inner  tapers  on 
the  end  adapters  were  machined  to  finish  the  vessel. 
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6.9  Wrapping  Vessel  No.  2  (Continued) 

The  finished  vessel  was  approximately  .020"  smaller  In  diameter 
at  the  center  than  at  the  ends  with  .004"  total  runout  of  the 
end  faces.  The  outer  diameter  remained  smooth  but  the  Inner 
bore  was  slightly  stepped  In  a  manner  resembling  rifling.  This 
Indicates  that  the  Interlock  between  the  1st  and  2nd  layer  Is 
Incomplete . 

Generally,  the  wrapping  was  Indicative  of  the  feasibility  of  the 
technique.  Better  results  are  expected  with  more  accurately 
sized  tape  with  the  required  strength  and  ductility. 

This  vessel  pressurized  and  leaked  at  30  pslg.  The  leak  was 
caused  by  a  separation  of  the  tapes  at  one  end  of  the  vessel. 
Since  the  separation  occurred  near  the  edge  of  the  end  adapter, 
it  was  surmised  that  the  flaw  was  caused  by  a  compression  of 
the  end  adapter  as  the  mandrel  parts  were  being  withdrawn.  The 
tensile  force  on  the  tape  during  wrapping  imposes  a  hoop  stress 
which  Is  transmitted  to  the  end  adapters  and  the  mandrel  as  a 
radial  compressive  force.  As  each  portion  of  the  mandrel  Is 
removed,  the  vessel  contracts  In  that  area.  The  first  portion 
removed  is  located  under  the  adapter  near  the  point  of  failure. 
However,  a  good  Interlock  between  the  tape  layers  should  hold 
the  vessel  intact  until  the  remainder  of  the  mandrel  is  with¬ 
drawn.  A  modification  on  the  mandrel  could  be  made  to  permit 
a  collapse  prior  to  withdrawal. 

This  separation  was  plugged  by  casting  an  Inner  and  outer  shell 
of  a  low  melting  alloy.  A  second  test  was  conducted  which 
resulted  in  failure  at  50  pslg.  The  vessel  separated  In  the 
center  section  far  from  the  end  adapters.  The  tape  layers 
unwound  easily  Indicating  a  lack  of  Interlock.  These  sectional 
radii  and  the  locking  angles  were  enlarged  and  the  'I"  beam 
was  found  to  be  twisted.  It  appears  that  after  wrapping  when 
the  mandrel  was  withdrawn,  the  wrapping  stresses  were  relieved 
by  contraction  of  the  vessel.  The  "I"  beam  twisted  toward  Its 
free  position  (Figure  62)  and  a  stagger  "tooth  effect"  developed 
on  both  the  O.D.  and  the  I.D.  of  the  vessel.  It  is  suspected 
that  the  tape  layers  were  not  bottomed  and  the  Interlock  was 
Insufficient  to  prevent  twisting. 
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WRITTEN  BY - 

APPROVED  BY 


DATE 


/o-  23- -ry 


SUBJECT: 


/Ajr£^  IQC/t/A/C 


RESULTS,  SKETCHES  ft  FORMULAS 


s-  -  . 6>d2J4  -  ^OZ^y/- := 

^ZO'ZV 

^  ^  -/./5“7<^7  ^ ^  S.S06^ 

^  ,  2  3/  5? 

74  ^  ^  ,0ZSC3^^^64)  ^  4  AZ624 

.  oso 

I  //oi4/£‘u£‘^^  A/y  T//oi/U>  ^4 


/QSSCyJ^E’ 

/  /•  Tf 2<  .  /.^788  T^-Zi/'^r) 

M-i  '  r-?.  5 25-5-  r>.  -  dA„ 


c;  X  gy/.'^783/o/^S'^  =  36  “700 

'^O/ 


engine  no. 


CURTISS  -  WRIGHT  CORPORATION 

WRIGHT  aeronautical  DIVISION  ^ 

RECORD  OF  ANAUSIS  ™  - 

SHEET_!^^l-OF  SHEETS-J^.^  APPROVED  BY iAZBCaL - 


JOB  NO.  7*^2. 


— - tagc^^^^g>KETCHES*^'^^^FOPMULAS  ^  a  s 

V>^Am,AJ£  Qp  /  ^CNSUA/ei  - 

U  ^  S-QOOF^''  J^^-. 


sJl  Bz 


^ooo  of O  =• 

^oOO>c  ,c?67'2 


iy^3 


)  .OffO  Mf  .0^0 /f 2  ~  •03 

5  ^cyfoMf  V-  ^  ^  ,-4 c 

”//3 

>  .c?90ff^  i-.o^oM-z  ^  -'03 

P  ,  ofo  /^/  - - - - ■ 

.  'Z^f€  /'^2-  '  ”“  ^39"^^ 

^2  '  -  /-  3'o  y 

//, «■  •~.c>3  1^  .o4 y -=  .  3~7&s__ 

'  "  _  <5>c5  '~ 


.^c?93 


i:  ^y^ZySS  sr 


.  p  /S'S* 


/.soy  =  37^00 


CURTISS  -  WRIGHT  CORPORATION 
WRIGHT  AERONAUTICAL  DIVISION 


ENGINE  NO, 

JOB  NO.  S/7^2 


RECORD  OF  ANALYSIS 

SHEET_/^  OF  SHEETS  ^  ^ 


SUBJECT: 

_ /^reJcioct/A/6  U'/ee 

RESULTS,  SKETCHES  6t  FORMULAS 


WRITTEN  BY. 


/■  SmFA/' 


APPROVED  BY  (/J 

/o-  Z3~S'9 


DATE- 


or  /  Iv/V9^  X>u£-  77? 


-  2  CL 


'7~i^£?977A/C  77-f^  /9S  /?  £?Jr£lj  SA/l>£2> 

/*?7"  Su^^o^r  V"'  /s  /^7~  T7-/£‘  CF'A/TlT/Z. 


^h"  -  pQo^f^  r  ,OOOV^££ 
/2  ' 

/^2t"  ■  (.0^4^)  T  ^00037/2  p 


~  /  y.O/SC'^.  .;Yir  /0 


>£ 


y^zc p  y,  £?c>00^ 
*  -  ooo  37/s  ^  y.  OOOO^ 

I 

I 


p  .  <93000  PS/ 
^•2 S3  ^  ■»  S/3)C>  ps/ 


M//77t'  /■)  Sy£3C/9j  £■  ^£33£/  S(/ch  /9x  TTV^T  0//£  Cpy^yPTlLX 

UA/'c,jrp  ^  Tp£  BJEUDtUC  s:7p/rsS/£S  ///  T7//F 

/  ^  (S/'//9//A/£'L  \a7/3/=)P  UXL/ 

/you/£7£J7  /=OlL  SC/9l£  i/£~JT£/S  C££27i7ir  /=ir  Su STTXiAJr/^Uy 

U>i4/£:p  pyjsscxp/fs  7=9 yc  yn/s  s-tp/sss'  /r 

•77=//r  377/7=9 /y  "r" ^£'7/7/  U//l/7~N  SU66£3r£jb  O// 

U///J  77-/77P  STP£SS  7^>  <3000  fs7  TPr  TTVjT  f7/i> 

7/ T/p  S’/ 600  PTr  T7i£  C7£7/77rP  C C793S  2  &) 


CURTISS  -  WRIGHT  CORPORATION 
WRIGHT  AERONAUTICAL  DIVISION 


ENGINE  NO. 


i.seeMtL 


JOB  NO.  5^/7^  2. 


RECORD  OF  ANALYSIS  written  by 

SHEET  OF  SHEETS  .  APPROVED  - 


SUBJECT: 


RESULTS,  SKETCHES  &  FORMULAS 


A'  /.26^\/^^,0/S£  - 

1/-  ^ 

A^-  34,4.33  • 


3.1  r: 


/./yq  sjm/i  A/  -  3»?  A^  /5l<Ar 

5-/>  /»  A/,. 


.OZ6^ 

TF^-.oSft 


r  r/'7 

A/  r/V? 


MOAiSA/^  C^fTVTE!^ 


i9r  9ll-  ~  .  €'3' 


///9^  J  ,^7S2-^S227 

Z^3<^3\  ,€732 -A-, 32 2 f 


-  3,37 


-/6  y^i 


34.  yjs 


/•/oo^. 


9/660 


r^' 


■IVZOO  ^s/- 

NOTB  =  a:>MP^/(i  SON  oPTNe^e  3Z 

iO^sS  '2./>  S//Ol^S  m//SSl/6/ei^  e£DuC7T0AJ  ///  Z^DAA/6 

smess  i?£soof7N6  mof.)  coNs/osemrcw  o/^  vessel  coai/mee 

N  -  'BeoptS  OP  das'^  /Sundoeops  _  _ 


/o/zz/e9 


CURTIiS  -  WRIGHT  CORPORAT"^ 
WRIGHT  AERONAUTICAL  DIVIi,  >1 

^  /  RECORD  OF  ANALYSIS 

ENGINE  NO.  UZ/Af  l^/^p  SMEET^S_OF  SHEETS 

JOB  NO.  S  t 'J^2. 

SUBJECT:  Dffrne  Adap'^'^f' 

results,  sketches  *  FORMULAS 

I  .  /4rz  ^ 


WRITTEN  BY -4 

approved  by. 

DATE - Zj. 


-.hoLm^ 


f  r  f  r  f  *-  r  r  f  r  f  f  f  ' 

(if4ahiv¥^ 


Pam<f  AJop-^cy  {■A'/ceti-f^ 


aJ'  ^  X  -  fJjA 


sTF  ^  U 


.  //7Z. 


3(3o)0‘^^)  S 

•  OoiTL^^  ^ —  •S'94  X  /O  ^ 

J'.OS*^  (sq>i 

^  i  I  t  _  _  —  /  T-}  -o  ^  o  -T  .^r"^  ^ 


/%^l=  77^^/^  ^  ^  =  3^7^ 


■^/'/cen-f-:  M~  3S7S-!i  .03S~»  Z36 

x_  /.50^/cl'’  ( 


^  t^/6H 


A 

•  OfSS" 

.  c^zd 

£. 

/&■*  /o^ 

30  n  10 

(7 

I 

./47Z 

IZ  7 

2 

X 

. 

Zi 

jhe&r 


cr.  i^s^ooOpi 


jP  4ricen4  ossom^J  J-o  p»^t'en 

Phe-M:  3.3S^'^  .  J~34 

.  /*  .z-^^' 


i>i  Me  chcfnnel: 


CURTISS  -  WRIGHT  CORPORA'p^ 
WRIGHT  AERONAUTICAL  DIVl(^  W 

•  ,  ..  RECORD  OF  ANALYSIS 

ENGINE  NO.  WtOp  Mo+Or  SHEET_^_OF  SHEETS-Sfi- 

JOS  NO. 

SUBJECT:  r>-/<y/ iolvhoY^ 


RESULTS,  SKETCHES  B  FORMULAS 


WRITTEN  BY—. 
approved  by. 

DATE - '2’J  L 


.02. 

• 

.o4 

*  03S^  1 

.oil 

.63* 

^4 

.27%tC  1 

-4 

.4Z*fo  ' 

.  Ul  tii 

•  ftl  <l« '' 

.4 

,610 

'  -4- 

.Ito'iijd,, 

t  /o 

.  n  1 K 10 

r4 

4'n^io 

.vfci  K)0 

.S/'i-y/o 

Jit  y.i”'''* 

•^►1  4  <10 

J^,o3y 


CURTISS  -  WRIGHT  CORPORAT’ 

IIVIl, 

LYJ. 

.OF  SHEETS.:^2- 


_ _ _ _  r"^ 

WRU3HT  AERONAUTICAL  OlVli. 

RECORD  OF  ANAWjlS 


ENGINE  NO.  Wir*  SHEET. 

JOB  NO.  5/792. 

SUBJECT:  DOnte. 

KESULTS.  SKETCHES  S  FORMULAS 

J=^,c3r  : 

Tc /ch’oncs.  conJf'^foy^  u//7€i^ 


WRITTEN  BY  Jix  rtPH/5  k. 
ARPRnvED  BY  iH 
DATE - <  ifl/ ^ 


P^y.  (.4  21)  -  f  (.i^d 

/?.,=  /.Si^ 

P=  77^'‘  F^-a.  +410* 

/g  =  " 


Th/ceni .' 


,  _fe  ^4 

Z  »  /.z*(0 

/■3^i‘  /O  ^ 

M»  4^0*  .^3^* 

^ - *>0^  -sz 

(j-  /.  Z 


shear. 


cr- 


^  n^yOCO  p:ii 
CZ(fS  ' 


p  , 

- 

aio,»^ 

"h  ' 

.  oi'V-i' 

6- 

s 

.  ii;-  0i3 

—  c 
£ 

lc»  r-  fO 

lU 

CURTISS -WRIGHT  CORPORA‘'~TN 


ENGINE  NO. 


JOB  NO.  5"/ 7^2 
SUBJECT:  Vi  ire  v/fr/ppeJ 


CURTISS -WRIGHT  CORPORA‘'''»N 
WRIGHT  AERONAUTICAL  DIVt  H 

RECORD^  OF  ANALYSIS 

SHEET_^;?_OF  SHEETS 


RESULTS,  SKETCHES  ft  FORMULAS 


WRITTEN  BY- 


APPROVED  BY- 


02^0 


•oo^S' 


I  ^ 


,ooIa  *4^1 


>ooQS'  4eirt  *3**  -oosSi 
s  .  00  2-  2- 


J)ajed  i2>«  wors^  -Uteronce  cot)  dt-Z^/o^  ’ 


•  /o3 
.OS’!  * 

.af  I 

_  .  •  COX 

J  ^  .o4  ~i  4 


A  =  .oziBT 

.ojS>8_ 

S~^  .0  070 


r_ 


^Ot\lov\TytL:  /  — — 


C  4  (a  io 


Q8800  y 


//*  depot t^ahoo  oP  e>4-heK  pQtds  ore  con^c/eteJ^  P  li/i/l  ^ 
4y  ohood  Co^a,  A^iuftie  P-  do,  oco  ’** 


ENGINE  NO.  Wlf~& 

JOB  NO.  Sll^Z 
SUBJECT:  ^  ^ 


CURTISS  -  WRIGHT  CORPORAF'*>N 
WRIGHT  AERONAUTICAL  DlVlf  N 

RECORD  OF  ANALYSIS 

SHEET  OF  SHEETS 


&  U/ff^OL 


RESULTS,  SKETCHES  ft  FORMULAS 


WRITTEN  BY_ 


XKam 


APPROVED  BY. 


P  ikfn  +  ff*  C4>^ 


^  *  ^U.  /J  m  ■  J 

Pj.  ^ 


/3°+ 


-hn  '3“=^  ,23  I 


•  4oO 

*i  S  I  X  O  CO 


Si  ^0^000^ 

JJL*  ,  z 


45%  .2  3/  y 


P  =  ZPOOO  />^cJL  Cv 


VC  ^  . 


OS6oryte.  /ertcjik  ^<P  ccy?4ac-l-  roller  ^  i/jit-e  «  ./ ** 


-u  zs~oco 


^sv  o 


ENGINE  NO.  SHEETS  .OF  SHEETS. 

JOB  NO.  SVT^Z 

SUBJECT:  /  p^n  fifr  Wnjpp'i^f  *V ,  rG 


CURTISS  -  WRIGHT  CORPORAT'^N 
WRIGHT  AERONAUTICAL  DIVI:  H 

RECORD  OF  ANALYSIS  written  by. 


APPROVED  BY 


3/8Ul 


RESULTS,  SKETCHES  *  FORMULAS 


^  poo/ 

V'eso'sl  D I  ante 


.  c_ 

^  _r 


Mo/d  a~  /o  .70  (7y 


=  .  yeP  *  zsOj  ooo  =  pj, 


^  -  ^-h  Oq 

CT  =  -  ‘'7S,  OOO 


Ouyri  H 
C  =  ’02Q7“ 
y4=^  .COShS) 


■  olSSO 


pu  .  .  . 


.o4)i:os^’  .ooz/Ip 

4-2lt.  6tS*‘0Sii> 

~  .  OOS O  S 


Un  ujinJi/tj .' 


/O  >< .  OZQ7  ^  /3^5~00  pi! 

J" 


s  lyS'^DCC  —  /3S^  6~00  —  3  3^S~COpi> 


P—  33,OZ>0  ^  .  OOSO  Q 


20/ 


C  ho  ny>3  I 

ryi  Q  a  C  ^  •  O  /  (o 

A  =  -ooZ-!^ 


=  ot  - 


■  X  t'iO.  S'OO 

.ozSl  ' 


=  73000  p^/ 


=  nS,  O  oo  —  7  3,  ooo  ^  JOZ,  ooo  pi> 


P=>^  /OZ,  OOOn  .  0027 


377 


CUMTISS  •  WRIOHT  COIHK>flAT>^ 


ENGINE  NO.  iPir^  H^rap 

WHIOHT  ACRONAUTICAL  DIVIl  >1 

RECORD,  OF  ANALYSIS 

SHEET_^^OF  SHEETS  _^S- 

WRITTEN  BY  - 

AppBBf>yFp  pv 

JOB  NO.  5“/ 792. 
SUBJECT:  yt-dlOl 

a/ 

H^ra  pp/h>^  tUixe 

OATE^ - ^/l  7/(10 — - 

RESULTS,  SKETCHES  *  FORMULAS 

o  n 

uJtr^ 

firotMi  7''  Spoa/' 

no  i»G  / / 

cr* «  /  3<fj  ^7)0  ps<  ■ 

c  A  Oi^yte 

C7"=  73,  COO  ps4 

■/<!  l)G  ' t'G.  uJCUHti  on  d  K3yy>e-^er 

Oum  he  // ; 


crL 


£:.l>o*^y>el 


cr'  - 


X.  .0237 
3.2^ 


x-.  ,<?/(, 

3.2J- 


OOO  pi-c 


7^,700 


te^yy>a m  mcj  //?  uJ  ^ cju<s.  /4»  tx> ha p p / : 

C>c>  nt  la  e  //: 


iA/y^p  eh  i>S 
UhUAhOP  Ao  ^  7' o'' 

/7C^ 

CJtOJ^^G  /  •* 


^  ,S 

V/1  Vi/hO  p  >*1  7  0^ 


oco 

73s:S’oo 

/p,S~PO  pi^ 


•7 S',  70  O 
73.  O‘>0 

s:  700  ps-*. 


7a  Ae&p  /eA}/  ^j^e.fcQcl  >h\  lOtt^  ^&/ouj  sOjCOOptu: 

Duxt^heil  <rt>,  dcC '- /o^  sr)0  >=  3  9^  stho  use  P  ^  zac' 

cleQhhiel  .STiOoo  -  S'?vo  *  44j3dO 

44,'ioo 

/?-  44^300  h  <  COS'?  ~  fiS-^ 

T^is  OSiuyy7ai  J^-//  onto/  /cpd  UJ!  H  hei^a/ii  /mi  U7/h^- 

puyy^)MeU  f'  cA^hhs/ 


0'S 


h^dhO. 


KNGINC  NO.  liZ/rS  n/f'ap 
JOB  NO. 

SUBJECT:  jEh<J  7~crA>et^  Oh 


CURTISS  •  WBIONT  CORRORAT^ 
WRIOHT  AERONAUTIC Al.  DIV^  Jn 

RECOf^OF  ANALYSIS 

SHEET  OF  SHEETS 


Dc?^e  y4cJ‘yp^*' 


RESULTS,  SKETCHES  *  FORMULAS 


^/Yhc  -/iVe  M>tc  <9 


f-e  O'jj  « >*? 


CURTISS  -  WRIGHT  CORPORATION 
WRIGHT  AERONAUTICAL  DIVl(  N 

RECORD  OF  ANALYSIS 

ENGINE  NO.  W>op  SHEeT.^OF  SHEETS-SL 

JOB  NO.  _5V795’ 

SUBJECT:  Taper  on  Do»^e  AJapJisr  P/ecs 


Mctrxp  :  Icpre^f  ^  'z-Z/cfbC 
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APPENDIX  II 

STRUCTURAL  RIG  TESTING  PROCEDURE 


1.  Instrument  the  specimen  as  shown  In  Figure  l6  and  check, 

2.  Balance  all  gages.  Take  a  zero  and  a  calibration  reading. 

3.  A  combination  of  three  loads  Is  to  be  applied  to  the 
specimen  for  each  reading  of  strain  values.  These  are 
the  tensile,  the  longitudinal  clamping  load  from  the 
torqulng  of  the  two  7/8  In,  side  bolts,  and  the  transverse 
clamping  load  Induced  by  torqulng  the  two  1/4  In.  top  bolts. 
For  each  combination  of  pull  load  and  transverse  clamping 
load,  three  longitudinal  clamping  loads  are  applied. 

A  typical  cycle  In  applying  the  loads  Is  as  follows; 

(a)  Torque  1/4  In,  transverse  clamping  bolts  to  4  In, 
lbs.  Apply  4,650  lbs.  tensile  load  to  specimen 
and  record  strain  readings.  Release  the  load. 

(b)  Using  the  same  transverse  clamping  load  as  In 
step  (a),  apply  489  In.  lbs,  torque  on  the  7/8  In, 
longitudinal  clamping  bolts.  Apply  the  same  load 
as  In  step  (a)  and  record  the  strain  readings. 

Release  the  load,  (c)  repeat  step  (c)  using  586  In, 
lbs.  torque  on  the  7/8  In.  longitudinal  clamping 
bolts. 

4.  Tabulation  of  the  test  loads  and  the  order  of  their 
application  are  as  follows: 
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APPENDIX  II  (Continued) 


Longitudinal 
Clamping 
Load  (lbs, ) 

(a)  2360 

(b)  2950 

(c)  3540 

(a)  3930 

b)  4910 

(c)  5880 

(a)  5490 

b  6860 

(c)  8230 

(a)  7050 

(b)  8840 

(c)  10600 

(a)  8650 

(b)  10800 

(c)  12820 

(a)  10250 

(b)  12750 

(c)  15400 


Kqulv . 
(Approx. ) 

7/8  in 

Bolt 

Torque 
(in. lbs. ) 

Tensile 
Load 
( lbs. ) 

391 

489 

486 

4,650 

651 

813 

974 

7,750 

909 

1136 

1363 

10,850 

1167 

1464 

1755 

13,950 

1432 

1799 

2123 

17,050 

1697 

2111 

2550 

20,150 

Trans . 
Clamp 
Load 
(lbs.  ) 

Equiv . 
(Approx. ) 

1/4  in 

Bolt 
Torque 
(in. lbs. ) 

81 

4 

135 

6 

189 

9 

243 

11 

297 

14 

351 

16 
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APPENDIX  III 

B120VCA  TITANIUM  WIRE  SPECIFICATION 


1. 


2. 


3. 


4. 

4.1 

4.2 


4.3 

4.4 


4.5 


4.6 


ACKNOWLEDGEMENT;  Vendor  shall  mention  the  specification 
number  and  its  revision  letter  in  all  quotations  and  when 
acknowledging  purchasing  orders. 


FORM;  Coils  of  wire. 


COMPOSITION: 


_ CHECK  ANALYSIS 

Under  Min.  or  uver  Max. 


Vanadium 

Chromium 

Al\jmln\Am 

Oxygen 

Carbon 

Nitrogren 

Hydrogen 

Other  Elements 

Iron 

Titaniiim 


12.5-14.5 

0.15 

0.15 

10.00-12.00 

0.15 

0.15 

3. 0-4.0 

0.4o 

o.4o 

0.15-Max, 

- 

0.06-Max. 

- 

0.02 

0.05-Max. 

- 

0.02 

0.0100-Max. 

- 

.001 

0.060-Max. 

- 

— 

0.35-Max. 

- 

0.05 

balance 

- 

CONDITION; 

Uniformly  solution  annealed  after  final  draw. 


Material  shall  be  free  from  all  surface  and  sub-surface 
defects. 

No  surface  contamination  or  oxide  film. 

Wire  shall  be  coil  ground  before  final  draw. 

Wire  shall  contain  no  seams,  nicks,  kinks,  bends,  breaks 
burrs,  scratches,  or  marks  due  to  grinding  or  drawing. 

Wire  surface  must  be  clean  and  contain  no  foreign 
materials  and  imperfections  which  may  adversely  affect 
the  processing  or  quality  of  finished  articles. 
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5. 


7. 


appendix  III  (continued) 

TOI^KANCES:  unless  0the™ise  3pecifiea,  tolePanoes 


8. 


9. 


10. 


Tolerances 

,  Inch 

Diameter 

Nominal  Inch 

Plus 

Minus 

.130  - 

.200 

0.001 

0.001 

.121  - 

.130 

0.000 

0.0005 

0. 

120 

0.0005 

0.0005 

6,  tensile  PROPERTIES; 


130,000  min. 
25  min. 


Tensile  strength,  psi 
Reduction  in  area,  % 

HEPOHTS:  ot.erwlse^apeolfled,^the  -naor  Of 

shall  furnish  with  -  Qj^gjji^cal  composition  and 

SriafspLSto^''nuS^erri-,  and  quantity. 

PAOKAQINS:  ^aokaglng  shall 

rtr/a^et^Sl^rrrot^ftef IgSnst  .eohanloal  Injury. 

S  l^r-vef  hrP-c^aSrrTerore°l;te!°r^^ 

such  approval  he  waived. 

SftraSteorlaefSflf^oatwSf^i^^h^BSjeclerto 

re  jBctlon • 


O  O 

\  • 

o 


rH  O  — • 
c^  CO  O', 


O  r-l 
V.  xO; 
CVJ  O  ■. 


Q 


o  o> 

'v  vO  i 
00  O'; 


^  CVi  ' 
O' 


o 

O 

o  O'O  o 

•  • 

•  •  •  •  • 

CM 

o  o 

4-4  O  O  O  O 

CM 

A  A  Ak  A 

o  o 

V.  >v 

•4-  'if 


o  o  o  c 


o  o 

f\J  tNJ 
V.  \ 

•4  >4 


lA 

rvi  tNJ 

V.  'Ss 

nO  oD 


F 


o  o 

•N.  "s 
r~t  m 
<NJ  tNJ 
^  \ 
O'  O' 


o' 


OlO 
\  ko 

f-H  |C' 


<f  w 
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